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Abstract—Exploiting full-duplex (FD) technology on base sta-
tions (BSs) is a promising solution to enhancing the system
performance. Motivated by this, we revisit a full-duplex base
station (FD-BS) aided OFDMA system, which consists of one
BS, several uplink/downlink users and multiple subcarriers. A
joint 3-dimensional (3D) mapping scheme among subcarriers,
down-link users (DUEs), uplink users (UUEs) is considered as
well as an associated power allocation optimization. In detail,
we first decompose the complex 3D mapping problem into three
2-dimensional sub ones and solve them by using the iterative
Hungarian method, respectively. Then based on the Lagrange
dual method, we sequentially solve the power allocation and 3-
dimensional mapping problem by fixing a dual point. Finally,
the optimal solution can be obtained by utilizing the sub-gradient
method. Unlike existing work that only solves either 3D mapping
or power allocation problem but with a high computation
complexity, we tackle both of them and have successfully reduced
computation complexity from exponential to polynomial order.
Numerical simulations are conducted to verify the proposed
scheme.
Index Terms—Full-duplex base station, resource allocation, 3-
dimensional binary assignment, Lagrange dual method.
I. INTRODUCTION
A communication system throughput can be highly im-
proved by exploiting the FD technology. However, due to the
self-interference (SI) limitations, most of the previous research
were restricted to half-duplex (HD) systems. Recently, as
mentioned in [1], FD communication came to stage since
great progress had been made in developing SI cancellation
schemes. In particular, FD relays are widely considered in
cooperative communication systems, such as [2] and [3].
However, FD technology is not only applicable for the relay
node, it can also be applied to the BS. Currently, there
exists some little research work on FD-BS. For instance, [5]
investigates the extra benefits on freedom degrees of cellular
systems brought by the FD-BS. [6] considered the security
problem of a FD-BS aided system, which is an attractive topic.
In order to optimize the system performance, a low-
complexity resource allocation strategy needs to be investi-
gated in the FD-BS scenario. There exists some work related
with this but failing achieving the goal in some degree, e.g.
[7] and [8]. In [7], it considered a cellular system consisting
of one FD-BS, several users and sub-channels. A joint user
scheduling, power control and channel assignment scheme was
taken into account, but no closed-form solution was provided.
in [8], a potential solution for power allocation problem was
given, but only considering the mapping problem between sub-
channel and either DUE or UUE.
In this paper, we revisit the system model investigated in [3]
and [8], majoring in solving a low complexity 3-dimensional
pairing problem among UUE, DUE and sub-channels. Besides,
the power allocation problem is also taken into account.
The contributions of this paper are twofold: (1) Solving the
power allocation problem of a FD-BS aided OFDMA system.
(2) Significant computation complexity reduction on the 3D
pairing problem.
The rest of the paper is organized as follows: Section
II presents the system model. Sections III proposes a low
complexity method solving the binary assignment problem.
Section IV provides the joint power allocation and binary
assignment scheme. The numerical results are presented in
Sections V. Finally, section VI draws the conclusion.
II. SYSTEM MODEL AND PROBLEM FORMULATION
A. System Model
By revisiting the model of Fig.1 in [7], we consider a multi-
user FD-BS OFDMA system and it consists of one FD-BS,
M UUEs and N DUEs. The users are all in HD mode and
equipped with single antenna. The total bandwidth is divided
into K rayleigh flat fading subchannels, and each of them
k can be shared by only one DUE n and UUE m. This 3-
dimensional combination is represented as (m,n, k). Due to
the imperfect SI cancellation, the BS will suffer from the
signal transmitted from the uplink user. And the remaining
SI is generally modeled as an additive white Gaussian noise
(AWGN).
B. Problem Formulation
Define m ∈ {1, ....M}, n ∈ {1, ....N} and k ∈ {1, ....K}
as the index of UUEs, DUEs, and Sub-channels, respectively.
P kb,n denotes the transmitted power from BS to a DUE over
subcarrier k and P km,b represents the transmitted power from
UUE to BS over the same channel. hkm,b and h
k
b,n are the
corresponding down-link and uplink channel coefficients. The
received signals of BS and DUE can be expressed as:
ykm,b =
√
P km,bh
k
m,bxm + ZD + ZB (1)
ykb,n =
√
P kb,nh
k
b,nxn +
√
P km,bh
k
m,nxm + ZB (2)
Where xm and xn denote the transmitted symbol of the UUE
and BS, respectively. Their average power are normalized as
E{|xm|2} = E{|xm|2} = 1, where E denotes the mathemat-
ical expectation. ZD ∼ CN(0, σ2D) and ZB ∼ CN(0, σ2B)
denote the self-interference and receiver noise, respectively.
Then, we obtain the throughput of down-link and uplink over
sub-channel k :
Rupm,b,k = log

1 + P km,b
∣∣∣hkm,b∣∣∣2
σ2D + σ
2
B

 (3)
Rdownb,n,k = log

1 + P kb,n
∣∣∣hkb,n∣∣∣2
P km,b
∣∣hkm,n∣∣2 + σ2N

 (4)
The sum rate of transmission pair (m,n, k) is Rkm,n:
Rkm,n = R
up
m,b,k +R
down
b,n,k (5)
To maximize the system throughput, the joint 3D mapping and
power allocation problem is now formulated as:
(P1) : max
{pk
b,n
,pk
m,b
,X}
M∑
m=1
N∑
n=1
K∑
k=1
xkm,nR
k
m,n
s.t. c1 :
N∑
n=1
K∑
k=1
pkb,n ≤ Pb
c2 :
K∑
k=1
P km,b ≤ Pm, ∀m
c3 : Xkm,n = {0, 1}
c4 :
M∑
m=1
N∑
n=1
xkm,n = 1, ∀k
M∑
m=1
K∑
k=1
xkm,n = 1, ∀n
N∑
n=1
K∑
k=1
xkm,n = 1, ∀m
(6)
Where X is the M×N×K 3-dimensional assignment matrix
with xkm,n = 1 if subchannel k is assigned to UUE-DUE pair
(m,n), and xkm,n = 0, otherwise. The constraint c4 follows
the fact each subchannel can only be assigned to one UUE-
DUE pair, and constraint c1, c2 indicate the individual power
constraint for UUE and BS, respectively.
III. LOW-COMPLEXITY 3-DIMENSIONAL BINARY
ASSIGNMENT SCHEME
By fixing the power allocation scheme, (P1) can be simpli-
fied as:
max
X
M∑
m=1
N∑
n=1
K∑
k=1
xkm,nR
k
m,n
∗
s.t. c3, c4
(7)
where Rkm,n
∗
represents a fixed throughput of each
(m,n, k) pair. (7) is a NP-complete problem and the com-
plexity of exhaustive search method related with it is in
exponential order shown in [10]. However, since it’s proved
in [9], the 3-dimensional mapping problem can be solved by
using 2-dimensional Hungarian method in 5 iterations with
near-optimal performance. And the complexity turns to be
O(5L3) where L = max(M,N,K), which is polynomial and
much lower than the optimal scheme.
In this case, we can decompose our 3D mapping problem
into following three different 2D mapping subproblems and
solve them iteratively,
1) 2D mapping between the UUE-DUE pair (m,n) and
Subchannel k, the solution is X∗1 .
2) 2D mapping between the UUE-Subchannel pair (m, k)
and DUE n, the solution is X∗2 .
3) 2D mapping between the DUE-subchannel pair (n, k)
and UUE m, the solution is X∗3 .
To initialize the scheme, set an arbitrary mapping matrix
XM,N,K which satisfies constraint c3 and c4. Then, define a
2-dimensional index including indices of UUE m and DUE n
be χ0 = {(m,n) | xkm,n = 1, ∀m,n, k}. Here, for simplicity,
we use d to represent the pair (m,n), when M ≤ N , d = m;
and d = n otherwise.
With the pair (m,n), the two different dimensions UUE
m and DUE n could be regarded as a joint dimension with
index d, then we could adopt a 2-dimensional mapping matrix
Tmin(M,N)×K = [td
k] with td
k = 1 if subchannel k is
allocated to UUE-DUE pair (m,n), otherwise td
k = 0.
In this case, the mapping relationship shown in the initial
mapping matrix XM,N,K could be demonstrated by the set
(χ0, T0). And the problem turns to be searching an optimal
subchannel assignment matrix T0
∗ for the current UUE-DUE
pair set χ0, which can be formulated by the following,
max
T0
min(M,N)∑
d=1
K∑
k=1
T kdR
∗
d,k
s.t.
min(M,N)∑
d=1
tkd = 1, ∀k;
R∗d,k = R
k
m,n
∗
, ∀(m,n) ∈ χ0
(8)
The classic Hungarian method can be used to solve the
above problem, yielding a new 3D mapping matrix X∗1 which
has the same mapping relationship with set (χ0, T0
∗). And this
X∗1 can be set as the initial mapping matrix for subproblem
2). By applying same strategy iteratively on the three subprob-
lems, we can derive the optimal solutions for each iteration
in the sequence X∗1 → X∗2 → X∗3 → X∗4 → X∗5 . X∗5 can be
chosen as the global optimal 3D binary mapping matrix.
IV. JOINT POWER ALLOCATION AND 3D MAPPING
In this section, we further consider the power allocation
problem. As the joint power allocation and binary assignment
problem is a non-convex mixed combinatorial problem, which
is extremely complicated to solve directly. We propose the
Lagrange dual method, which has been proved in [11], that
for multi-carrier systems, the duality gap of a non-convex
resource allocation problem is negligible when the number
of subcarriers becomes sufficiently large.
To combine the integer constraint with power constraint, we
define the following virtual power:
P k,upm,n = P
k
m,bx
k
m,n (9)
P k,downm,n = P
k
b,nx
k
m,n (10)
With (9) and (10), constraint c1 and c2 can be transformed to:
c5 :
K∑
k=1
N∑
n=1
P k,upm,n ≤ Pm ∀m (11)
c6 :
K∑
k=1
N∑
n=1
M∑
m=1
P k,downm,n ≤ Pb (12)
(P1) can be transformed to:
(P3) : max
X,P
M∑
m=1
N∑
n=1
K∑
k=1
Rkm,n
s.t. c3, c4, c5 and c6
(13)
We define P =
(
P k,upm,n , P
k,down
m,n
)
and the throughput expres-
sions can be transformed to:
Rk,upm,n = log

1 + P k,upm,n
∣∣∣hkm,b∣∣∣2
σ2D + σ
2
B

 (14)
Rk,downb,n = log

1 + P k,downm,n
∣∣∣hkb,n∣∣∣2
P k,upm,n
∣∣hkm,n∣∣2 + σ2N

 (15)
Rkm,n = R
k,up
m,n +R
k,down
b,n (16)
In this case, the dual function can be written as:
g(λ) = max
X,P
L(P, λ) (17)
Where the Lagarange function and dual vector λ is given by:
L(P, λ) =
M∑
m=1
N∑
n=1
K∑
k=1
(Rkm,n − λmP k,upm,n − λbP k,downm,n )
+
M∑
m=1
λmPm + λbPb
λ = {λ1, ..., λM , λb}
(18)
In this case, (P2) can be solved by solving its dual optimization
problem,
min
λ
g(λ)
s.t. λ ≥ 0
(19)
(19) can be solved by firstly solving (17) at each given dual
point and updating the dual function using its subgradient.
The subgradient of g(λ) can be obtained by using a similar
method as mentioned in [11]. And the dual variables can be
updated based on the expression (20)-(21), where [•]+ denotes
max(0, •) and the step size pi(l) follows the diminishing policy
in [12], i.e., pi(l) = pi(0)/
√
l.
λ
(l+1)
b =
[
λ
(l)
b − pi(l)
(
Pb −
M∑
m=1
N∑
n=1
K∑
k=1
P k,downm,n
)]+
(20)
λ(l+1)m =
[
λ(l)m − pi(l)
(
Pm −
N∑
n=1
K∑
k=1
P k,upm,n
)]+
∀m
(21)
To compute the dual function at each given dual point,
we need to find the optimal mapping matrix X and the
optimal power allocation vector P . In detail, an optimal power
allocation scheme is derived given each possible mapping pair
(m,n, k), with the solution to power allocation we can do 3D
mapping using the scheme proposed in Section III.
After fixing the mapping pair (m,n, k) and defining equiv-
alent channel gains akm,b =
|hkm,b|2
σ2
D
+σ2
B
, akb,n =
|hkb,n|2
σ2
N
and
akm,n =
|hkm,n|2
σ2
N
, the power allocation problem is rewritten
as:
P3 : max
{P}
log(1 + P k,upm,n a
k
m,b) + log(1 +
P k,downm,n a
k
b,n
P k,upm,n akm,n + 1
)
− λmP k,upm,n − λbP k,downm,n
s.t. P =
[
P k,upm,n , P
k,down
m,n
] ≥ 0
(22)
With (22), by applying Karush-Kuhn-Tucker (KKT) conditions
and considering different feasible regions, we can obtain the
optimal power allocation scheme proved in appendix A in [13].
V. NUMERICAL RESULTS
In this section, we present the simulation results to demon-
strate the performance of the proposed algorithm. We consider
a cell with radius 200 m, 8 UUE and 8 DUE are generated
randomly within the same cell. To simulate practical channel
propagation, the LTE typical urban channel model is em-
ployed. The spectral density of noise is −126 dBm/Hz and
the total bandwidth is 180 KHz shared by 64 subchannels.
The self-interference is modeled as AWGN, with the power 3
dB larger than the noise power. And the peak power constraints
for all the uplink users are the same and set to be 5 dB lower
than the maximum BS transmit power.
A. Binary Assignment Scheme Comparison
With the maximum transmit power of UUE to be equal
power allocation scheme, compare our proposed 3D mapping
scheme with the following three benchmark schemes,
10 15 20 25 30 35 40
BS POWER (dBm)
0
5
10
15
20
25
Th
ro
ug
hp
ut
 (b
its
/s/
Hz
)
Iterative Hungarian Method
Random Pairing
Optimal Scheme
Greedy Method
Fig. 1. Performance comparison between different binary assignment
schemes.
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Fig. 2. Performance of proposed joint resource allocation scheme compared
with equal power allocation.
1) Exhaustive searching scheme, which is optimal.
2) Random mapping scheme, which generates a random 3D
mapping in each iteration.
3) Greedy algorithm, each UUE m select the DUE-
subchannel pair (n, k), which can maximize the throughput
of pair (m,n, k). Once the pair (n, r) is selected, the other
UUE can’t select it any more.
As shown in Fig.1, with BS peak power constraint varying
from 10 dBm to 30 dBm, the gaps between other approaches
and the optimal scheme are quite large. In comparisons, our
proposed 3D mapping scheme has the same performance with
the optimal scheme. As the BS power continues raising, our
proposed methodology keeps pace with the optimal case and
the gap between others and our method becomes increasingly
larger. Obviously, these strongly proves the correctness and
the advantage of the proposed scheme.
B. Joint Scheme Comparison
In Fig.2, we compare our proposed allocation scheme with
the equal power allocation one. Obviously, our scheme signif-
icantly enhance the system throughput and the performance
benefits become larger as the BS power increases. This is
because when we allocate more power on the high quality
links, the system throughput will be better conditioned on a
fixed amount of energy.
VI. CONCLUSION
In this paper, we propose a joint power allocation and 3D
mapping scheme to maximize a FD-BS aided OFDMA system
throughput. Specially, we first decompose the joint optimiza-
tion problem into two sub ones. Then resolving them by dual
method and iterative Hungary algorithm sequently. Finally,
sub-gradient method is applied and the optimal solution can
be obtained. The numerical results demonstrate the correctness
and advantages of our proposed scheme.
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